Wildfire disasters are one of the many consequences of increasing wildfire activities globally, and much effort has been made to identify strategies and actions for reducing human vulnerability to wildfire. While many individual homeowners and communities have enacted such strategies, the number subjected to a subsequent wildfire is considerably lower. Furthermore, there has been limited documentation on how mitigation strategies impact wildfire outcomes across the socio-ecological spectrum. Here we present a case report documenting wildfire vulnerability mitigation strategies undertaken by the community of Montecito, California, and how such strategies addressed exposure, sensitivity, and adaptive capacity. We utilize geospatial data, recorded interviews, and program documentation to synthesize how those strategies subsequently impacted the advance of the 2017 Thomas Fire on the community of Montecito under extreme fire danger conditions. Despite the extreme wind conditions and interviewee estimates of potentially hundreds of homes being consumed, only seven primary residences were destroyed by the Thomas Fire, and firefighters indicated that pre-fire mitigation activities played a clear, central role in the outcomes observed. This supports prior findings that community partnerships between agencies and citizens are critical for identifying and implementing place-based solutions to reducing wildfire vulnerability.
Introduction
The wildland-urban interface (WUI), the area where communities meet and intersperse with wildland vegetation, is the fastest growing type of land used in conterminous United States, having increased in area by one-third from 1990-2010 [1] . The WUI is increasingly at-risk of wildfire disasters, both from an increase in the number of wildfire ignitions and large fires due to humans [1] [2] [3] [4] [5] , but also due to increased fire activity and large fires associated with anthropogenic climate change [6, 7] . Recent years have seen a multitude of large wildfire disasters in the WUI that have set contemporary records for fire size, fatalities, and extreme fire behavior [8] [9] [10] [11] [12] . With housing units in the WUI projected to increase in the US [1] , and anthropogenic climate change expected to further exacerbate extreme fire activity across many regions globally [13] , it is well-recognized that there is a critical need to identify and enact mitigation solutions to reduce individual and community vulnerability to wildfires [14, 15] .
To reduce wildfire vulnerability, it is necessary to understand the contributing factors. Wildfire vulnerability is a product of three characteristics: (1) exposure to the hazard, (2) sensitivity of the pathology [42] [43] [44] . It similarly relies upon local engagement and specific types of interactions between critical actors to develop implementable, realistic solutions [45] . Paveglio and colleagues [46] highlight the need for a "science of practice" surrounding the development of local wildfire mitigation pathways; they urge improved documentation of how adaptation was implemented and the outcomes as residents seek to "live with wildfire. " We suggest that a "science of practice" is not limited to the social aspect of wildfire adaptation and should be encouraged across the wildfire socio-ecological system. That is, scientists should seek to document and understand the confluence of social, ecological, and biophysical factors associated with implementing fire adaptation pathways, and the outcomes when a wildfire occurs. In a vulnerability framework, this means understanding how communities mitigate their vulnerability to wildfires by reducing their biophysical exposure, tailoring mitigation strategies to the sensitivities of the population, and capitalizing on strengths to improve adaptive capacity [17, 18] . To do so successfully requires understanding both the social and ecological agents, however, case studies of specific fire events have generally focused on the social or the biophysical, and not both.
Here, we document both the social and the biophysical vulnerability reduction strategies taken by the community of Montecito, California in Santa Barbara County, USA, prior to the 2017 Thomas Fire, and how those strategies translated into outcomes. Montecito is one of the many communities in the United States that has been repeatedly exposed to wildfires over the last several decades [47] , with multiple disastrous events ( Figure 1 ). As such, the Montecito Fire Protection District (MFPD) embarked on an effort to reduce wildfire vulnerability in the community two decades ago. That effort was subsequently tested in the December 2017 Thomas Fire, which consumed over 1000 homes and became the largest wildfire in contemporary California history for several months until it was surpassed in 2018. Most of the homes were consumed at the outset of the Thomas Fire on days when strong downslope winds (i.e., Santa Ana and Sundowner winds) prevailed, and extreme fire behavior including long runs and long-range spotting, occurred, overwhelming fire suppression efforts. By contrast, Montecito experienced relatively little infrastructure damage from the Thomas Fire, despite similar conditions, including extreme fire behavior and the presence of Sundowner winds on the day the fire beset the community (16 December 2018) . pathology [42] [43] [44] . It similarly relies upon local engagement and specific types of interactions between critical actors to develop implementable, realistic solutions [45] . Paveglio and colleagues [46] highlight the need for a "science of practice" surrounding the development of local wildfire mitigation pathways; they urge improved documentation of how adaptation was implemented and the outcomes as residents seek to "live with wildfire." We suggest that a "science of practice" is not limited to the social aspect of wildfire adaptation and should be encouraged across the wildfire socio-ecological system. That is, scientists should seek to document and understand the confluence of social, ecological, and biophysical factors associated with implementing fire adaptation pathways, and the outcomes when a wildfire occurs. In a vulnerability framework, this means understanding how communities mitigate their vulnerability to wildfires by reducing their biophysical exposure, tailoring mitigation strategies to the sensitivities of the population, and capitalizing on strengths to improve adaptive capacity [17, 18] . To do so successfully requires understanding both the social and ecological agents, however, case studies of specific fire events have generally focused on the social or the biophysical, and not both.
Here, we document both the social and the biophysical vulnerability reduction strategies taken by the community of Montecito, California in Santa Barbara County, USA, prior to the 2017 Thomas Fire, and how those strategies translated into outcomes. Montecito is one of the many communities in the United States that has been repeatedly exposed to wildfires over the last several decades [47] , with multiple disastrous events ( Figure 1 ). As such, the Montecito Fire Protection District (MFPD) embarked on an effort to reduce wildfire vulnerability in the community two decades ago. That effort was subsequently tested in the December 2017 Thomas Fire, which consumed over 1000 homes and became the largest wildfire in contemporary California history for several months until it was surpassed in 2018. Most of the homes were consumed at the outset of the Thomas Fire on days when strong downslope winds (i.e., Santa Ana and Sundowner winds) prevailed, and extreme fire behavior including long runs and long-range spotting, occurred, overwhelming fire suppression efforts. By contrast, Montecito experienced relatively little infrastructure damage from the Thomas Fire, despite similar conditions, including extreme fire behavior and the presence of Sundowner winds on the day the fire beset the community (16 December 2018). Given the extreme conditions, in addition to the unrealized potential for considerable home and infrastructure loss, our objective was to document and synthesize the observed outcome associated with the Thomas Fire, namely the low negative consequences relative to the high potential. Given the extreme conditions, in addition to the unrealized potential for considerable home and infrastructure loss, our objective was to document and synthesize the observed outcome associated with the Thomas Fire, namely the low negative consequences relative to the high potential. Specifically, we sought to (1) understand what social and biophysical vulnerability reduction strategies MFPD implemented over the last two decades, and (2) connect those strategies to the post-fire outcomes of the 2017 Thomas Fire by analyzing interview data collected by MFPD, ancillary records, and geospatial analysis.
Materials and Methods

Study Area
Montecito, California, is an unincorporated coastal community of just under 9000 people in southwestern Santa Barbara County, covering approximately 24 sq.km. Across the northern portion of the community, Montecito borders the Los Padres National Forest administrative boundary for approximately 10 km, and the entire community is classified as a WUI Community-at-Risk due to the relatively low density of homes and high quantity of vegetative biomass across the community (Figure 1 ) [47] . The vegetation includes both the native chaparral shrub species and introduced landscaping vegetation, some of which has become invasive over decades. The most common types of landscaping vegetation that become fuel for wildfires include eucalyptus trees, cypress, juniper, and various grasses. Montecito is one of the most affluent communities in the state, with a median assessed home price of $4.4m USD [48] , however, like most communities there is high variability in income among residents, with a lower-income population present as well. Generally, residents have a higher level of education, are a greater proportion Caucasian, and have a higher median income than surrounding areas of southern California.
Like many coastal southern California communities, Montecito has experienced many wildfires over the last several decades, some of which resulted in fatalities, consumed homes, and had other negative impacts. These include the 1964 Coyote Fire (106 structures consumed), the 1971 Romero Fire (4 fatalities; 9 structures), the 1977 Sycamore Canyon Fire (195 structures), the 2008 Tea Fire (210 homes), and the 2009 Jesusita Fire (80 homes) (Figure 1 ). The entirety of Montecito is classified as a Very High Fire Hazard area by the California Department of Forestry and Fire Protection (CAL FIRE), stemming from both the high vegetative fuels component in the community and the fire environment. The most destructive and fatal wildfires in Santa Barbara County have all occurred during a katabatic wind event known locally as a Sundowner; this wind occurs throughout the year and is associated with amplification of downslope, offshore winds through alignment of upper level winds perpendicular to the east-west running Santa Ynez Mountains [49] .
Wildfire was a relatively frequent occurrence prior to the modern period in the Santa Barbara region, with a large fire occurring every 20-30 years on average [50] . These fires were primarily ignited by the Chumash native people who inhabited the region at a relatively high density prior to being displaced or exterminated by European settlements; some fires also were ignited by summer lightning at high elevations that held over into autumn and grew into large fires with the onset of autumn wind events [50, 51] . This pattern of ignitions has changed dramatically in the modern period, with a significant increase in human ignitions across the entire year extending the wildfire season, rather than being confined to a window from summer to autumn [2, 52] .
Data Collected
Two key data sources were utilized for this case report. First, the Montecito Community Wildfire Protection Plan (CWPP) was completed in early 2016 [48] and identified both wildfire hazard potential and damage potential. Following the 2017 Thomas Fire, Geo Elements, LLC, under contract with MFPD, conducted 14 interviews with individuals who were assigned to Montecito as fire suppression resources during the two days that the Thomas Fire directly impacted Montecito. These interviews were aggregated with geospatial and other ancillary data to develop a retrospective assessment and report [47] on the conditions under which the fire entered Montecito from the wildlands of the Los Padres National Forest, and how the pre-fire preparatory actions taken by MFPD ultimately impacted fire behavior and its effects in the community. Data from both the CWPP and the 2018 retrospective report (hereafter, the Retrospective report) were utilized for this case report with MFPD's permission. These data include interviews, fire history, program history and financial expenditures, infrastructure, predicted fire behavior outputs, defensibility, ember exposure, damage loss potential, fuel treatments, Thomas Fire progression reconstruction, video, and photos.
Pre-Fire Vulnerability Reduction Strategies
Based on the natural hazards vulnerability framework, we synthesized the pre-fire vulnerability reduction strategies and actions into reducing exposure to the hazard, addressing population sensitivity, and building adaptive capacity (Table 1) . Following the Painted Cave Fire in neighboring Santa Barbara in 1990, MFPD identified areas of high fire hazard throughout the community and began a basic education program for residents of those areas. In 1994, MFPD created a new, temporary position-a Wildland Fire Specialist-specifically to facilitate programs that would reduce wildfire vulnerability, including hazardous fuel reduction, community engagement, code enforcement, and defensible space surveys. This individual became the chair of the newly-formed Santa Barbara Fire Safe Council in 1997, an entity that was initially physically hosted by MFPD in an effort to increase communication and cooperation between the various fire management and response agencies in Santa Barbara County. In 1998, MFPD completed a Feasibility Assessment and Environmental Impact Report that identified fuel reduction priorities across the community, and in 1999 the Wildland Fire Specialist position was made permanent to support the implementation of this report. Another part-time Wildland Fire Specialist position was created to support the additional workload and by 2007, MFPD had 1.5 individuals whose primary objective was to reduce community vulnerability to wildfire (Figure 2 ). with MFPD's permission. These data include interviews, fire history, program history and financial expenditures, infrastructure, predicted fire behavior outputs, defensibility, ember exposure, damage loss potential, fuel treatments, Thomas Fire progression reconstruction, video, and photos.
Based on the natural hazards vulnerability framework, we synthesized the pre-fire vulnerability reduction strategies and actions into reducing exposure to the hazard, addressing population sensitivity, and building adaptive capacity (Table 1) . Following the Painted Cave Fire in neighboring Santa Barbara in 1990, MFPD identified areas of high fire hazard throughout the community and began a basic education program for residents of those areas. In 1994, MFPD created a new, temporary position-a Wildland Fire Specialist-specifically to facilitate programs that would reduce wildfire vulnerability, including hazardous fuel reduction, community engagement, code enforcement, and defensible space surveys. This individual became the chair of the newly-formed Santa Barbara Fire Safe Council in 1997, an entity that was initially physically hosted by MFPD in an effort to increase communication and cooperation between the various fire management and response agencies in Santa Barbara County. In 1998, MFPD completed a Feasibility Assessment and Environmental Impact Report that identified fuel reduction priorities across the community, and in 1999 the Wildland Fire Specialist position was made permanent to support the implementation of this report. Another part-time Wildland Fire Specialist position was created to support the additional workload and by 2007, MFPD had 1.5 individuals whose primary objective was to reduce community vulnerability to wildfire (Figure 2 ). Over the 20-year period between 1999 and 2018, the MFPD expended approximately $1.76 million (mill) USD ($2 mill USD adjusted for inflation to 2018) on wildfire vulnerability reduction activities ( Figure 2 ). We include 2018 here as these are fiscal year totals, where the fiscal year ends June 30 of the year listed, so the Fiscal Year 2018 (FY2018) expenditures were primarily expended in autumn 2017, prior to the December ignition of the Thomas Fire (this also contributes to reduced FY2018 expenditures relative to prior years). When adjusted for inflation, it is clear that funding was inter-annually variable, but generally increasing over time ( Figure 2) .
Most of the activities undertaken by MFPD addressed more than one component of the vulnerability triangle (i.e., exposure, sensitivity, and adaptive capacity). Any action that specifically identified geospatial patterns of exposure to wildfire (e.g., defensible space surveys), or was designed to reduce direct exposure to wildfire (e.g., defensible space improvements, roadside fuel reduction) addressed exposure vulnerability. Any action that specifically identified populations in the community that are more sensitive to the negative ramifications of wildfire and determined population-specific actions designed to mitigate those ramifications addressed sensitivity vulnerability. Any action that increased the ability of the community to respond to wildfire and reduce the negative ramifications developed adaptive capacity. An action such as hiring a Wildland Fire Specialist, whose primary position is to build relationships with community members and facilitate programs to reduce vulnerability, addressed all three components of vulnerability.
First, the Wildland Fire Specialist reduced vulnerability by enacting other activities that directly reduce exposure, including fuel reduction projects that reduce fire behavior immediately adjacent to homes and roads, or activities that decrease the flammability of homes and infrastructure directly (reducing the chances that the humans occupying those structures will be exposed to flames or lose the structures, and suffer economic or personal losses). Second, the Wildland Fire Specialist addressed population sensitivity by engaging residents individually to develop a relationship and build trust. Such relationships are critical to overcoming the barriers which inhibit certain demographics from reducing vulnerability, including language barriers (e.g., engaging in Spanish with the Hispanic population), cultural barriers (e.g., reducing distrust of government entities and willingness to follow evacuation recommendations), disability barriers (e.g., developing evacuation plans for those unable to drive themselves and dependent upon others for transport), and economic barriers (e.g., finding solutions that are inexpensive/free or finding grant money to support individual properties or subdivisions). Third, the Wildland Fire Specialist increased adaptive capacity by improving planning and facilitating the types of activities that help communities recover more successfully and quickly during and following wildfires, such as helping residents evacuate more effectively (e.g., in a timely manner, with somewhere to go pre-identified, and with a "go-bag" or checklist of critical medicines or valuables that the resident needed), reducing structure loss, and reducing critical municipal infrastructure damage and loss (e.g., roads, municipal water supply, and schools).
Conducting community-wide assessments such as the High Fire Hazard map creation and the feasibility study addressed exposure by identifying where the greatest potential was for exposure to wildfire, and addressed adaptive capacity by subsequently using that information to educate the community. The CWPP that the MFPD completed in 2016 [48] , further addressed both exposure and adaptive capacity by highlighting what areas of the community would be most exposed to ember cast and least defensible by firefighters, and identified vegetation management units where new fuel reduction projects could have the greatest effectiveness in facilitating fire suppression activities safely (both reducing exposure and increasing adaptive capacity; Figure 3 ). Furthermore, the CWPP also addressed sensitivity by specifically defining sensitive populations, identifying the proportion of Montecito residents belonging to some of these populations (e.g., age groups identified in the US Census), and noting the need for evacuation plans tailored to sensitive populations, including pets. or checklist of critical medicines or valuables that the resident needed), reducing structure loss, and reducing critical municipal infrastructure damage and loss (e.g., roads, municipal water supply, and schools). Conducting community-wide assessments such as the High Fire Hazard map creation and the feasibility study addressed exposure by identifying where the greatest potential was for exposure to wildfire, and addressed adaptive capacity by subsequently using that information to educate the community. The CWPP that the MFPD completed in 2016 [48] , further addressed both exposure and adaptive capacity by highlighting what areas of the community would be most exposed to ember cast and least defensible by firefighters, and identified vegetation management units where new fuel reduction projects could have the greatest effectiveness in facilitating fire suppression activities safely (both reducing exposure and increasing adaptive capacity; Figure 3) . Furthermore, the CWPP also addressed sensitivity by specifically defining sensitive populations, identifying the proportion of Montecito residents belonging to some of these populations (e.g., age groups identified in the US Census), and noting the need for evacuation plans tailored to sensitive populations, including pets. Fuel reduction activities in Montecito took many forms (Figure 4) . On individual properties, the Fire Marshall and the Wildland Fire Specialist worked with property owners to reduce home ignition potential (i.e., ensuring the home did not serve as fuel for a fire). This was conducted using specific fire-resistant materials and structural modifications, and by increasing defensible space between the structure and the nearest flammable vegetation through removal of both live and dead trees, limbing up of trees, and replacement with less flammable landscaping (e.g., replacing native shrubs with succulents or herbaceous flora). Across the community, MFPD incentivized property owners to reduce woody materials on private property by implementing a neighborhood chipping program, wherein residents would relocate woody material to the end of their driveway on specified days, and MFPD contractors chipped and removed the materials. Similarly, MFPD implemented community fuel treatments on private property in strategic locations, using contract fuel removal crews. These treatments primarily occurred either along key road systems on the north side of the community to facilitate ingress, egress, and widen potential future fire lines; and behind private property to connect the road system network at critical points (Figures 4 and 5) . Finally, MFPD initiated a partnership with the public utility, Southern California Edison, to remove the many dead and dying trees near Fuel reduction activities in Montecito took many forms (Figure 4) . On individual properties, the Fire Marshall and the Wildland Fire Specialist worked with property owners to reduce home ignition potential (i.e., ensuring the home did not serve as fuel for a fire). This was conducted using specific fire-resistant materials and structural modifications, and by increasing defensible space between the structure and the nearest flammable vegetation through removal of both live and dead trees, limbing up of trees, and replacement with less flammable landscaping (e.g., replacing native shrubs with succulents or herbaceous flora). Across the community, MFPD incentivized property owners to reduce woody materials on private property by implementing a neighborhood chipping program, wherein residents would relocate woody material to the end of their driveway on specified days, and MFPD contractors chipped and removed the materials. Similarly, MFPD implemented community fuel treatments on private property in strategic locations, using contract fuel removal crews. These treatments primarily occurred either along key road systems on the north side of the community to facilitate ingress, egress, and widen potential future fire lines; and behind private property to connect the road system network at critical points (Figures 4 and 5) . Finally, MFPD initiated a partnership with the public utility, Southern California Edison, to remove the many dead and dying trees near power infrastructure, during the multi-year California drought that began in 2011. All of these activities reduce exposure and increase adaptive capacity (by reducing negative post-fire effects). It is also worth noting that the community-wide activities support sensitive populations by (1) recognizing that sensitive populations may require more time to evacuate, and improving ingress/egress through roadside fuel reductions that facilitate this, and (2) recognizing that not all residents are able to conduct exposure-reduction activities on their individual properties due to the conditions that make them sensitive populations in the first place (e.g., physical disability).
Evacuation and ingress/egress issues were key elements of two other activities undertaken by MFPD prior to 2017. First, MFPD improved ingress/egress and evacuation and fire suppression effectiveness by delineating pre-attack zones across the community in their wildland fire initial attack plan ( Figure 5 ). MFPD utilized these pre-attack zones (which are essentially sub-units of the community that were delineated prior to firefighters attacking a future, hypothetical wildfire) in their community education efforts, planning process, and printed high-resolution paper maps of each zone that were pre-packed in a portable file box for distribution to non-MFPD fire suppression resources in the event of a wildfire. Nine of the interviewees noted the utility of these maps in facilitating greater life safety for firefighters and increased suppression effectiveness, because the maps were able to help resources not familiar with the area to navigate the community safely and quickly and find the pre-designated water sources and equipment staging areas in Montecito, which were also marked on the map. power infrastructure, during the multi-year California drought that began in 2011. All of these activities reduce exposure and increase adaptive capacity (by reducing negative post-fire effects). It is also worth noting that the community-wide activities support sensitive populations by (1) recognizing that sensitive populations may require more time to evacuate, and improving ingress/egress through roadside fuel reductions that facilitate this, and (2) recognizing that not all residents are able to conduct exposure-reduction activities on their individual properties due to the conditions that make them sensitive populations in the first place (e.g., physical disability). Evacuation and ingress/egress issues were key elements of two other activities undertaken by MFPD prior to 2017. First, MFPD improved ingress/egress and evacuation and fire suppression effectiveness by delineating pre-attack zones across the community in their wildland fire initial attack plan ( Figure 5 ). MFPD utilized these pre-attack zones (which are essentially sub-units of the community that were delineated prior to firefighters attacking a future, hypothetical wildfire) in their community education efforts, planning process, and printed high-resolution paper maps of each zone that were pre-packed in a portable file box for distribution to non-MFPD fire suppression resources in the event of a wildfire. Nine of the interviewees noted the utility of these maps in facilitating greater life safety for firefighters and increased suppression effectiveness, because the maps were able to help resources not familiar with the area to navigate the community safely and quickly and f Second, while MFPD implemented several new fire codes focused specifically on structures (e.g., banning cedar shakes for roofing and siding, requiring boxed eaves), a new requirement for wider driveways focused on reducing exposure through improved evacuation, and increasing adaptive capacity by facilitating firefighter safety during fire suppression activities and post-fire clean up. In Montecito, as in many WUI communities, many of the homes are located at the end of long (>100 m), narrow, winding driveways that terminate at garages. Increasing driveway width and turnaround space supports larger fire apparatus and other large equipment allowed firefighters access these areas, and safely use a tactic referred to as "fire following." Fire following is frequently used during extreme conditions, wherein firefighters (1) prepare homes to resist an oncoming wildfire, (2) retreat from the home or neighborhood when extreme fire behavior and direct flames from the fire front threaten their life safety, and then (3) "follow" behind the flaming front and re-engage with the home or in the neighborhood. During this re-engagement, they focus on extinguishing portions of the structure that are on fire, extinguishing spot fires on the property, remove flaming debris from structures (e.g., flaming palm fronds on the roof or deck), and wetting down vegetation if there are additional threats for re-ignition (e.g., additional spot fires). Fire following depends on firefighters being able to safely navigate to a home and turn around so that they can evacuate rapidly if needed; driveway design is paramount to this dependency.
Reconstructing the Thomas Fire in Montecito
The Thomas Fire ignited on 4 December 2017 near Santa Paula, California, approximately 60 km east of Montecito. The fire began under a record-length Santa Ana katabatic wind event that facilitated large fire growth and consumed hundreds of structures during the first several days of the event [47] . The winds pushed growth primarily to the west (Figure 6 ), and by 15 December, the fire had reached the eastern edge of Montecito and was burning on the slopes uphill and to the north of the community (Figure 7 ). Sundowner katabatic winds were forecast to develop the morning of 16 December. Second, while MFPD implemented several new fire codes focused specifically on structures (e.g., banning cedar shakes for roofing and siding, requiring boxed eaves), a new requirement for wider driveways focused on reducing exposure through improved evacuation, and increasing adaptive capacity by facilitating firefighter safety during fire suppression activities and post-fire clean up. In Montecito, as in many WUI communities, many of the homes are located at the end of long (>100 m), narrow, winding driveways that terminate at garages. Increasing driveway width and turnaround space supports larger fire apparatus and other large equipment allowed firefighters access these areas, and safely use a tactic referred to as "fire following." Fire following is frequently used during extreme conditions, wherein firefighters (1) prepare homes to resist an oncoming wildfire, (2) retreat from the home or neighborhood when extreme fire behavior and direct flames from the fire front threaten their life safety, and then (3) "follow" behind the flaming front and re-engage with the home or in the neighborhood. During this re-engagement, they focus on extinguishing portions of the structure that are on fire, extinguishing spot fires on the property, remove flaming debris from structures (e.g., flaming palm fronds on the roof or deck), and wetting down vegetation if there are additional threats for re-ignition (e.g., additional spot fires). Fire following depends on firefighters being able to safely navigate to a home and turn around so that they can evacuate rapidly if needed; driveway design is paramount to this dependency.
The Thomas Fire ignited on 4 December 2017 near Santa Paula, California, approximately 60 km east of Montecito. The fire began under a record-length Santa Ana katabatic wind event that facilitated large fire growth and consumed hundreds of structures during the first several days of the event [47] . The winds pushed growth primarily to the west (Figure 6 ), and by 15 December, the fire had reached the eastern edge of Montecito and was burning on the slopes uphill and to the north of the community (Figure 7 ). Sundowner katabatic winds were forecast to develop the morning of 16 December. Interviews, damage records, satellite observations, and reconstruction of the fire progress for 16 December indicate that fire behavior that day was extreme, but that many of the pre-fire activities undertaken by MFPD had a direct outcome for fire impacts to the community. As forecasted, Sundowner winds developed around 06:00 hours local time, with sustained winds exceeding 13 m/s, and gusts exceeding 30 m/s by 08:00 hours, when the Montecito Remote Automated Weather Station Interviews, damage records, satellite observations, and reconstruction of the fire progress for 16 December indicate that fire behavior that day was extreme, but that many of the pre-fire activities undertaken by MFPD had a direct outcome for fire impacts to the community. As forecasted, Sundowner winds developed around 06:00 hours local time, with sustained winds exceeding 13 m/s, and gusts exceeding 30 m/s by 08:00 hours, when the Montecito Remote Automated Weather Station Interviews, damage records, satellite observations, and reconstruction of the fire progress for 16 December indicate that fire behavior that day was extreme, but that many of the pre-fire activities undertaken by MFPD had a direct outcome for fire impacts to the community. As forecasted, Sundowner winds developed around 06:00 hours local time, with sustained winds exceeding 13 m/s, and gusts exceeding 30 m/s by 08:00 hours, when the Montecito Remote Automated Weather Station (RAWS) that was stationed at 450 m elevation above the community was consumed by the fire. Prior to the winds developing, interviewees indicated that they had primarily observed backing fire behavior, wherein the fire was able to advance downhill based on a continuous fuel bed without gaps, but with relatively reduced flame lengths and a slow rate of spread. However, once the Sundowners became established, fire behavior became wind-driven, with ember cast producing spotting in excess of 400 m ahead of the main fire front.
Vulnerability Reduction Outcomes
The Retrospective report [47] identified key areas where pre-fire mitigation activities supported fire suppression and reduced loss of both life and property, and also where homes were consumed and whether there had been any pre-fire mitigation. Based on the location of the final fire perimeter mapped by MFPD and Santa Barbara County personnel (Figure 7 ), there were 100 primary residences within the final fire perimeter, and 467 residences within 400 m (average fire spotting distance) of the final fire perimeter. Of these, seven primary residences were destroyed (i.e., primary dwelling unit, in contrast to a guest house or secondary dwelling unit), producing a 93% protection rate within the perimeter. An additional 30 residences in the area received minor damage, leaving 430 residences in the core fire impact area (i.e., within the 400 m spotting distance of the perimeter) undamaged by the fire. We describe these outcomes here in the context of the three components of vulnerability.
Exposure
Fire suppression and effective evacuation were key components of reduced exposure to fire for Montecito. As the Thomas fire progressed from Ventura County into Santa Barbara County, evacuation was initiated 10 December, and nearly all of the residents in the evacuation area heeded the warning. Per interviewees, those residents that remained communicated closely with MFPD Wildland Fire Specialists and most evacuated on 16 December as the fire advanced towards their properties, but before their evacuation might hinder fire suppression activities. This advance evacuation allowed fire suppression resources to prepare properties and move freely on the low-visibility roads without the hazard of civilian vehicles. Many properties abutting the edge of the wildlands (i.e., the Los Padres National Forest administrative boundary) had small containment lines (i.e., "scratch lines"), fire retardant lines (both aerially and manually applied on the ground), or a plumbed hose lay (dry fire hoses ready to be attached to a fire engine or water tanker) along their edges that had been installed by firefighters in the days prior to 16 December.
The fire suppression resources themselves were another exposure reduction factor. Over 1100 fire personnel were assigned to the Montecito divisions of the Thomas Fire on 16 December; these being a mix of hand crews (e.g., elite firefighters known as hotshots), fire engine strike teams, bulldozers, water tenders, and individual resources. The fire crews were working in 24-hour shifts, with most individual crews working every other 24-hour shift, and an exchange occurring at 07:00 each morning. As the Sundowner winds developed at 06:00 and fire behavior became explosive shortly thereafter, many of the resources, which had been intended to leave the fire line at 07:00 remained engaged in the fire fight in Montecito throughout the morning. Thus, the timing of the increased winds and fire "blow up" produced a scenario where several hundred more fire suppression resources were engaged in the firefight than would have been earlier or later in the day; there were potentially between 1200 and 2000 individuals engaged. These resources made use of water and physical labor to reduce structure exposure to flames. Interviewees described this engagement as using both direct engagement, such as spraying water on decks and vegetation abutting homes, and fire following tactics, such as pulling flaming debris off roof and deck areas after the main front had passed. It is notable, however, that aerial firefighting resources such as helicopters and retardant tankers were not used in Montecito on 16 December, as strong winds grounded aircrafts. This is critical to note as it has been argued that aircraft are vital to suppression efforts, despite the high expense of aerial fire suppression [53] .
The effectiveness of fire suppression efforts was directly supported by the pre-fire vulnerability reduction efforts undertaken by MFPD. Interviewees noted that they were able to use fire following tactics because homes were fire-resistant, giving firefighters time to engage and remove flammable debris before a structure became fully involved with fire. Firefighters also described being able to engage because most homes had sufficient defensible space to make it safe for them to do so, without fear of entrapment. This was of particular concern due to entrapment of firefighters that occurred on the nearby Jesusita Fire in 2009, which was associated with lack of defensible space and evacuation routes [54] .
Interviewees also noted that suppression effectiveness was amplified by the reduction of roadside fuels, which allowed them to conduct backfiring operations along some parts of the road system and hold the fire along other segments. Interviewees described the difference between other portions of the Thomas Fire in Santa Barbara County, where heavy roadside vegetation created a "tunnel effect" that inhibited large fire apparatus passage (leading to over a dozen homes destroyed in one nearby canyon), and Montecito, where roadside clearance eliminated vegetation tunnels and facilitated two large city fire apparatus being able to pass each other on narrow roads. Videos taken by some interviewees further demonstrated how such clearance improved firefighter safety given the low visibility created by heavy smoke. Several firefighter fatalities in the US have been attributed to exiting the roadway due to lack of visibility in smoky conditions [55] .
Both defensible space and roadside fuel treatments were supplemented by the community fuel treatments implemented by MFPD, which served to "link" together with the fuel reductions undertaken by residents and along roadways (Figure 8 ). All but one interviewee described this network of fuels reduction as being vital to effective suppression efforts and structure protection, specifically because it allowed firefighters to engage the fire safely. Of the seven primary residences destroyed in Montecito, two were located below a 'gap' in the fuel treatment network, and the loss of the remaining dwellings was primarily attributed to the presence of fuels immediately adjacent to the structure, and inaccessibility for firefighters to support the fire following tactic. These losses were attributed to fire exposure that was not mitigated. tactics because homes were fire-resistant, giving firefighters time to engage and remove flammable debris before a structure became fully involved with fire. Firefighters also described being able to engage because most homes had sufficient defensible space to make it safe for them to do so, without fear of entrapment. This was of particular concern due to entrapment of firefighters that occurred on the nearby Jesusita Fire in 2009, which was associated with lack of defensible space and evacuation routes [54] .
Both defensible space and roadside fuel treatments were supplemented by the community fuel treatments implemented by MFPD, which served to "link" together with the fuel reductions undertaken by residents and along roadways (Figure 8 ). All but one interviewee described this network of fuels reduction as being vital to effective suppression efforts and structure protection, specifically because it allowed firefighters to engage the fire safely. Of the seven primary residences destroyed in Montecito, two were located below a 'gap' in the fuel treatment network, and the loss of the remaining dwellings was primarily attributed to the presence of fuels immediately adjacent to the structure, and inaccessibility for firefighters to support the fire following tactic. These losses were attributed to fire exposure that was not mitigated. Finally, the planning efforts undertaken by MFPD to complete the 1998 Feasibility Report, the 2016 CWPP, and the pre-attack zone mapping all contributed to reduced exposure through increased understanding of where the potential problem areas were in the community, and how a cohesive strategy could be implemented to address wildfire vulnerability. These documents outlined the range of concerns, used models, and best practices to identify mitigation strategies. Several interviewees noted that the pre-attack planning maps were particularly useful in improving suppression safety and effectiveness as non-local resources navigated the community.
To be clear, much of the exposure reduction success can be attributed to the amount of time firefighters had to prepare for the arrival of the Thomas Fire to Montecito, including several days to evacuate residents so that the focus could be on fire suppression on 16 December. Without this Finally, the planning efforts undertaken by MFPD to complete the 1998 Feasibility Report, the 2016 CWPP, and the pre-attack zone mapping all contributed to reduced exposure through increased understanding of where the potential problem areas were in the community, and how a cohesive strategy could be implemented to address wildfire vulnerability. These documents outlined the range of concerns, used models, and best practices to identify mitigation strategies. Several interviewees noted that the pre-attack planning maps were particularly useful in improving suppression safety and effectiveness as non-local resources navigated the community.
To be clear, much of the exposure reduction success can be attributed to the amount of time firefighters had to prepare for the arrival of the Thomas Fire to Montecito, including several days to evacuate residents so that the focus could be on fire suppression on 16 December. Without this preparation time, it is probable that more homes would have been consumed in Montecito, similar to the 210 homes consumed during the first few hours of the 2008 Tea Fire (where firefighters were almost entirely focused on evacuation). However, as the Retrospective report notes, the 2009 Jesusita Fire saw home losses, and a firefighter 'burnover' event supporting the conclusion that pre-fire exposure-reduction efforts in Montecito mitigated the potential for a repeat of this outcome, and amplified the effectiveness and safety of firefighter suppression activities. Such mitigation activities also support exposure reduction by giving residents more time to evacuate safely, and mere minutes can be the difference between life and death in an emergency evacuation.
Sensitivity
MFPD addressed sensitivity to wildfire in several key ways. They developed a community wildfire protection plan that directly addressed the diversity of the community and the additional challenges faced by some residents, both to prepare for wildfire and to evacuate. The Wildland Fire Specialist directly engaged with many of the vulnerable older residents, developing relationships, acquiring grant funds to support fuel reduction activities, and facilitating fuel reduction through contract crews that conducted the work on private property. At least one resident made it clear that this relationship was vital, both knowing when to evacuate and to her home surviving, as her home was within the wildfire perimeter but was undamaged in part due to considerable defensible space carved out by contract crews facilitated by MFPD. The type of outreach and public education conducted by MFPD further supports sensitive populations both by finding solutions specific to meet their needs and by ensuring that fire personnel know where individuals live who may require extra support during evacuation. Often first responders have no idea which residents may require extra time or assistance to evacuate, and such personal relationships can reduce associated negative outcomes. This is particularly important in light of several recent California wildfires where civilian fatalities were primarily older individuals and children, and media reports indicated that often the individuals killed did not have transportation to evacuate. These include the 2015 Valley Fire [56], the 2017 Tubbs Fire [57] , and the 2018 Carr Fire [58] , in addition to the 2018 Camp Fire as described in the Introduction.
It is also evident that the community fuel network supported sensitive communities by protecting the entire community, regardless of language, income level, physical ability, age, or education level. There is considerable discussion in the media as to whether home protection and life safety are primarily the responsibility of individuals who choose to live in the WUI and other high fire hazard areas. Such discussion fails to acknowledge sensitive populations, many of whom have limited ability to address wildfire risk where they live due to financial situation, language barriers, educational limitations, or family obligations. Santa Barbara County, for example, has one of the highest median home prices in the US, and many of the service industry and construction workers are immigrants or minimally educated individuals who work multiple jobs, have families to support, and rent (not own) their homes, making them less likely to be able to undertake expensive and time-consuming upgrades to homes and properties that they do not have legal ownership to alter. These individuals are protected by the efforts of their neighbors. An evaluation of fuel reduction across Montecito from high-resolution, multi-temporal satellite data revealed that when all fuel reduction, shrubland type conversion, defensible space landscaping, and fire roadside clearing work was mapped across the community within 400 m of the Thomas Fire perimeter, there was a nearly unbroken line from east to west of reduced fuel, and space for firefighters to conduct suppression operations ( Figure 8) ; such efforts stemmed from the work of the MFPD and some citizens, but effectively reduced vulnerability to wildfire for all Montecito citizens.
Adaptive Capacity
If adaptive capacity for wildfire is the ability to recover post-fire, then the first tenet of recovery is to reduce negative impacts as much as possible. As such, much of the pre-fire exposure reduction completed by MFPD was effective in boosting adaptive capacity, as most residents were able to return to their homes and resume normal routines within only a few days of the fire. Evacuation orders were lifted on 21st of December, and the initial lasting negative impact of the fire was on the Montecito municipal water supply, which was temporarily interrupted, and a boil-water order issued. It must be acknowledged that many Montecito residents have a relatively high adaptive capacity based on income levels, a diverse economic base, and high education levels providing individual flexibility in times of emergency. However, the considerable preparation for a wildfire event facilitated minimal negative impacts and allowed most residents to be temporarily inconvenienced rather than devastated by the wildfire itself.
This contrast between devastation and inconvenience was tragically illustrated in the early morning hours of 10 January 2018, when heavy rain on the recently burned hill-slopes above Montecito produced catastrophic debris flows of mud and rock, that resulted in 23 fatalities and over 500 homes destroyed or damaged in the community. The debris flow destroyed bridges and left mud over a meter deep on a major highway, interrupting the county transportation network and negatively impacting community services for months after the event. The debris flow illustrated the need for adaptive capacity to wildfire across the entire landscape; while Montecito negated the worst fire intensity and impacts, the Los Padres National Forest shrublands (where the debris flows originated) did not have sufficient ecological adaptive capacity, and the hill-slopes were consumed at such high intensity by the Thomas Fire that near complete consumption of organic material occurred. This was evident in the months following the fire, according to the Retrospective report, as there was minimal observed chaparral regeneration in the burned area above Montecito, despite chaparral species being adapted for rapid post-fire regeneration [59] .
The debris flow event also revealed in one of the areas of adaptive capacity that Montecito did not adequately address: the potential for evacuation fatigue among residents and the impact of this fatigue on subsequent evacuation orders. Many Montecito residents were evacuated for up to two weeks or greater during the Thomas Fire. When the debris flow event was forecast (with a great deal of uncertainty due to the relative limitations of forecasting such events) and voluntary evacuation suggested, interviewees indicated that many residents did not evacuate, which proved fatal. As 15 of the 23 fatalities were elderly adults, children, and immigrants who did not natively speak English, this points to a need for improved sensitivity assessments and adaptation strategies.
The Community Partnership
In evaluating how MFPD approached reducing wildfire vulnerability across Montecito, it is clear that a community partnership at multiple spatial scales was critical for mitigating disaster, specifically loss of life and infrastructure, during the Thomas Fire. This community partnership took three forms (agency-agency, agency-resident, and resident-resident) and illustrates the range of individual and collective actions that facilitated the fire outcomes in Montecito during the Thomas Fire.
The agency-agency partnership is evident in how MFPD relates to, and interacts with, other fire management agencies across Santa Barbara County. Several of the non-MFPD interviewees noted their frequent interactions with MFPD, either on the Santa Barbara Fire Safe Council, or at training days held in cooperation around the county, or during wildfire events. One interviewee described a specific disaster response training event hosted only a few months prior to the Thomas Fire by MFPD, which allowed participants to see what types of fuel reduction were done around Montecito, a considerable asset when the Thomas Fire occurred. As breakdowns in interagency communication and cooperation have been frequently noted as a contributing factor to fire fatality events [60] , establishing and maintaining agency-agency partnerships is a critical facet of reducing wildfire vulnerability.
The agency-resident partnership is evident in the primary mission of the Wildland Fire Specialists employed by MFPD: to develop relationships and communicate with residents on issues relating to wildfire. The Wildland Fire Specialists are readily available to residents, and by their own accounting, spend most of their time visiting resident properties and directly engaging with residents to develop relationships. They help residents identify individual solutions for their properties and facilitate labor and additional support when needed. This removes much of the burden from residents and is consistent with the trust in government that Paveglio et al. [38] describe in their delineation of the four wildfire archetype communities. Montecito is not well-defined by a single community archetype; rather, it a mix of the 'Formal Suburban WUI' and 'High Amenity-High Resource' communities described by Paveglio et al. [38] . Montecito residents value their access to recreation, and the "natural" character of their community, and MFPD vulnerability reduction efforts must conform to these values. This is evident in the agency-resident partnership, where residents have allowed MFPD to install and maintain the fuel treatment network on their private property, but those treatments must conform to the natural look (e.g., thinning rather than complete removal of shrubs) and are excluded from the riparian zones where many of the popular hiking trails are.
Finally, the resident-resident partnership is more subtle, but became evident in the mapping of defensible space and fuel reduction around individual homes within 400 m of the fire line (Figure 8 ). While MFPD conducts defensible space surveys, these surveys are voluntary, and the interviewees indicated that there has been limited enforcement of the California defensible space requirements. While many of the residents developed defensible space in partnership with MFPD, many other residents undertook these efforts independently. This sort of behavior is consistent with studies of informal interactions between neighbors in the WUI as a contributing factor to defensible space, as residents feel a responsibility to protect each other (a sort of wildfire vulnerability peer pressure) [61] [62] [63] . It is also consistent with previous findings that these sorts of community relationships are critical elements of success in communities where CWPPs have been tested by subsequent wildfire [64] .
The three types of partnerships developed in Montecito are emblematic of the relationships called for in fire vulnerability reduction frameworks and are critical to enacting the strategies for vulnerability reduction [16] [17] [18] . While fire scientists can continue to debate the definition of success associated with wildfires, it is clear from the data synthesized here that success in Montecito, along with the coastal Santa Barbara front, is defined as zero fatalities and minimal infrastructure damage. Given the projected losses, that was achieved in Montecito during the Thomas Fire.
Conclusions
There is a clear need to improve wildfire mitigation planning by integrating the social and biophysical elements across all three components of wildfire vulnerability [65] , but also a need to document the outcomes of such efforts when wildfires occur. This is, in some respects, more difficult to do than an experimental study given the lack of controlled environment, the challenging conditions of the post-fire environment in impacted communities, and the myriad of social and biophysical factors that contribute to outcomes across multiple spatio-temporal scales. However, such case studies can help to identify what factors future studies might seek to analyze across a broader set of events, or in more controlled experiments. They can also serve to validate more theoretical findings of prior studies across the biophysical to social spectrum.
Here, connecting mitigation actions to post-fire observations reported in Montecito through the tri-part lens of vulnerability demonstrates that all three components must be addressed to successfully reduce vulnerability to wildfire elsewhere in the US and globally. It is important to recognize the complexity of the socio-ecological system that produces the observed outcome, as research too often seeks to reconstruct or identify the relevance of a single factor (e.g., meteorology) without the broader context of the event. No single agent was identified as the primary determinant of relatively minimal loss during the Thomas Fire in Montecito; rather, interviews, geospatial data, and historical documentation demonstrated that a range of mitigation strategies that have been presented in prior research contributed to the observed outcome, including fuel modification, road clearance modification, planning, social networks, community partnerships, defensible space, and education. Furthermore, mitigation of vulnerability did not occur overnight, but rather, over a 20+ year period during which incremental increases and steps were taken.
No community can completely eliminate wildfire vulnerability as long as there is fuel in the form of homes and vegetation, and even well-prepared communities must be diligent in maintaining ongoing communications and preparedness. It is also critical to recognize that having sufficient time between fire ignition and advancement upon a community is a fundamental determinant of how the fire will ultimately impact that community, and whether firefighters will be focused on evacuation versus home protection. However, mitigation activities identified here were critical to preparing Montecito for the inevitability of a wildfire, and to supporting both safe evacuation and safe engagement by firefighters of the fire around homes during the 2017 Thomas Fire. The strategies implemented by Montecito may not necessarily work for every community archetype, but can inform place-based assessment of vulnerability reduction based on similarities in exposure, sensitivity, and adaptive capacity. Such approaches must be adopted, and quickly, to stymie the rise of wildfire disasters [10] .
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